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Abstract
We numerically calculate the electromagnetic contributions to the baryon masses which we an-
alyzed recently using the heavy-baryon approximation in chiral effective field theory and methods
developed in our earlier analyses of the baryon masses and magnetic moments. We find that
the calculated electromagnetic corrections are of the right general size and have the correct sign
pattern, but cannot be calculated reliably at the moment.




In a recent paper [1], we analyzed the electromagnetic contributions to the mass dif-
ferences in the baryon octet and decuplet using the heavy baryon approximation in chiral
effective field theory and methods developed in our earlier analyses of the baryon masses
[2, 3, 4] and magnetic moments [3, 5]. In that paper, we studied the leading contributions to
the mass differences that came from the Coulomb and magnetic interactions and quark mass
differences. Our calculations included the one-loop mesonic corrections to the basic electro-
magnetic interactions, so to two loops overall. To this order in the chiral loop expansion, we
derived a complete expression for the electromagnetic contributions to the baryon masses,
and then used the result to calculate the intramultiplet mass splittings. The expression for
the electromagnetic contributions is generally expressed as a linear combination of the matrix
elements of a set of independent spin- and flavor-dependent operators Γi, (i = 1, ..., 32) [25].
These consist of 2 one-body operators, 12 two-body operators, and 18 three-body operators.
We showed in [1] that no three-body operators are generated by one-loop mesonic correc-
tions to the initial two-body Coulomb and magnetic moment interactions. The number of
Γ’s that can appear to this order is therefore reduced from 32 to 14. When the calculation
is restricted to the intramultiplet splittings, the number of independent matrix elements is
further reduced to 4 [1, 6, 7]. As a result, we can bring the electromagnetic mass-difference




Mdi + bΓ4 + cΓ5 + dΓ13 , (1.1)
where a, b, c, and d are the parameters that can be calculated in a dynamical approach to
the baryon mass differences; the matrix Md is defined as Md = diag (0, 1, 0). The operators
Γ4, Γ5, Γ13, and other one- and two- body operators are given in Appendix A.
In the present paper, our main objectives are to calculate numerically the coefficients a,
b, c, and d in Hem using heavy-baryon chiral perturbation theory [8, 9] and to investigate
the extent to which the mesonic and mass corrections to the basic electromagnetic inter-
action account for the pattern of the coefficients. As discussed in Sec. II, we now include
the color-magnetic interaction [10], a quantity that was missed in [1] whose contributions
to the intramultiplet mass splittings are comparable to those from purely electromagnetic
interaction [11, 12] [26]. We find that the color-magnetic contributions introduce new struc-
ture. However, since the color-magnetic interaction is two-body, the sum rules for baryon
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masses continue to hold. Once again, only four parameters a, b, c, and d are needed to
describe the intramultiplet mass splittings. With the color-magnetic interaction included,
we find that the calculated electromagnetic corrections are of the right general size, and
have the correct sign pattern. These corrections seem to account fairly well for the pattern
of coefficients a, b, and c in the electromagnetic mass-difference Hamiltonian if we use the
baryonic parameters to calculate them. We also find that our results for the coefficients a, b,
c, and d are sensitive to how the integrals are calculated. We believe that the presence of the
short-distance effects in the integrals is likely the source of the sensitivity and uncertainty in
the results and conclude that the electromagnetic corrections cannot be calculated reliably
at the moment.
II. ELECTROMAGNETIC CORRECTIONS TO BARYON MASSES
It is necessary to recall that the leading electromagnetic corrections to baryon masses
come from the Coulomb interaction, magnetic moments interactions, the effects of the d, u
quark mass difference, and the color-magnetic interaction. We note that except for the
color-magnetic interaction, we have included the one-loop mesonic corrections to other basic
electromagnetic interactions (two loops overall) in our calculations. We wish to evaluate the
contributions from these effects to the parameters a, b, c, and d. For this goal, we firstly
discuss the contributions from the color-magnetic interaction to the mass splittings.
A. Color-magnetic contributions
The color-magnetic interaction was first introduced by Sakharov and Zel’dovich [10] and
further developed by De Ru´jula, Georgi, and Glashow [13] for their study on hadron masses
in a gauge theory. Sakharov [11], Franklin and Lichtenberg [12] showed that the color-
magnetic interaction was of the same order of magnitude as the purely electromagnetic









δ3(rij) + (j, k) + (k, i)
]
, (2.1)
where mi, mj represent effective quark masses, and αs is the strong coupling.
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We want to see if the color-magnetic interaction (Eq. (2.1)) can be reduced to an operator
expression in terms of the Γ’s and Md. For that purpose, we take mu as the standard mass
and consider the symmetrical case in which < δ3(rij) >≡ A, a constant, for all states. We

































j )]σi · σj + (j, k) + (k, i)
}











and the ellipsis represents terms that can be absorbed into the structures that appear in our
analysis of intermultiplet mass splittings in [3]. We find that there are no operator relations
that allow the color magnetic terms to be reduced to the Γ’s and Md without extra pieces
[28]. It means that the color-magnetic terms introduce new structure. However, since the
color-magnetic interaction is two-body, the sum rules for baryon masses continue to hold
and the intramultiplet mass splittings within multiplets can still be expressed as before (see
Eq. (1.1)).
In Appendix B, we work out the color-magnetic contributions to the four parameters a,
b, c, and d. The results are
acm = −2C , bcm = 3C mu
ms
, ccm = −3C mu
ms
, dcm = −3C (mu
ms
− 1) . (2.5)
B. Baryon mass splittings and sum rules




i , Γ4, Γ5, and Γ13 to the mass splittings within
baryon multiplets can be determined from the results given in [1, 6]. Using those results
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(see, for example, Table I of the reference [1]) and Eq. (1.1), we find






























































∆++ −∆− = −3a+ b+ c ,






Since there are only four independent parameters in Hem, there are six sum rules among
ten mass differences. Below are the well-known sum rules [14, 15, 16, 17, 18]
∆0 −∆+ = n− p ,
∆− −∆++ = 3(n− p) ,
∆0 −∆++ = 2(n− p) + (Σ0 − Σ+)− (Σ− − Σ0) ,
Ξ− − Ξ0 = (Σ− − Σ+)− (n− p) , (2.7)
Ξ∗− − Ξ∗0 = (Σ∗− − Σ∗+)− (n− p) ,
2Σ∗0 − Σ∗+ − Σ∗− = 2Σ0 − Σ+ − Σ−.
These sum rules hold for any set of purely one- and two-body interactions as shown in
[15, 16, 17, 18]. They are violated by three-body effects. As shown in [1] and mentioned
above, there are no three-body effects through one loop in the chiral expansion, so the
effects involve at least two meson loops. These sum rules are therefore expected to hold
with reasonable accuracy.
A fit to the seven known mass splittings other than those for the ∆ baryons is given in
Table I. A best fit is obtained at values (in MeV) of a = 1.88 ± 0.01, b = 3.52 ± 0.02,
c = −1.77 ± 0.00, and d = 0.22 ± 0.03 with an average deviation from experiment of 0.12
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TABLE I: A weighted fit to the seven accurately known baryon mass splittings using the expressions
in Eq. (2.7). A best fit is obtained at values (in MeV) of a = 1.88 ± 0.01, b = 3.52 ± 0.02,
c = −1.77 ± 0.00, and d = 0.22 ± 0.03. The average deviation of the fit from experiment is 0.12
MeV. The experimental data are from [19].
Splittings Calculated Experiment
n− p 1.29 ± 0.01 1.293 ± 0.000
Σ− −Σ+ 8.03 ± 0.03 8.08 ± 0.08
Σ− −Σ0 4.89 ± 0.02 4.807 ± 0.035
Ξ− − Ξ0 6.74 ± 0.02 6.48 ± 0.24
Σ∗− − Σ∗+ 4.49 ± 0.03 4.40 ± 0.64
Σ∗− − Σ∗0 3.12 ± 0.02 3.50 ± 1.12
Ξ∗− − Ξ∗0 3.19 ± 0.02 3.20 ± 0.68
∆++ −∆0 -0.84 ± 0.03 —
∆++ −∆− -3.88 ± 0.03 —
∆+ −∆0 -1.29 ± 0.01 —
MeV and a χ2 per degree of freedom of 0.99. Hereafter, we denote the electromagnetic
mass-difference operator with the best-fit coefficients as Hbestem .
Using the data given in Table I, we find that there are no significant violations of the
sum rules.
C. Expressions for the parameters a, b, c, and d
We are now ready to determine the expressions for the parameters a, b, c, and d. Note
that the mass-difference operator Hem can be written as [29]
Hem = H1 +H2 +H3 +Hcm . (2.8)
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FIG. 1: One-loop electromagnetic corrections to the baryon mass due to the Coulomb interaction
between quarks.
The first term in this expression, H1, is the total contribution to the baryon mass differences
from charge interactions
H1 = [IQQ + 6I1,pi − 8(2I2,pi + I2,K)]Γ4 − 2I1,pi(Γ5 − Γ2)























I4,l , I2,l = 1
2
(I5,l + I6,l − I7,l − I8,l) , (2.10)
IQQ is a Coulomb integral that comes from the diagram in Fig. 1, and Ii,l (i = 1, ..., 8; l =
pi,K, η) are the integrals associated with the two-loop diagrams shown in Figs. 2(a) - 2(c),
3, 4(a) - 4(d), respectively, that contribute to the baryon mass differences from charge
interactions [31]. In Figs. 1-5, a solid vertical line represents a quark moving upwards
toward later times, dashed lines represent mesons, wiggly lines represent transverse photons,
and a horizontal dotted line represents the instantaneous Coulomb interaction between the
particles on which it terminates. Note that our Figs. 1-5 are identical to Figs. 2(b), 4, 5, 7,
and 8 in [1], respectively.
The second term in Eq. (2.8), H2, is the total contribution to the baryon mass differences
from magnetic moment interactions









FIG. 2: Two-loop corrections to electromagnetic interactions that involve meson exchange between
quarks.
FIG. 3: (a): The basic meson exchange diagram. (b), (c): Electromagnetic contributions to the
meson mass terms. (d): electromagnetic correction to the meson-quark vertex.
8











































Here, µa = 2.793 , µb = −0.933; Iµµ and I9,l are the integrals associated with the direct
interaction between magnetic moments (Fig. 5(a)) and the moment-moment interaction
including one-loop mesonic corrections (Figs. 5(b) and 5(c)), respectively.
The third term in Eq. (2.8), H3, involving the effects of the d, u quark mass differences
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FIG. 5: Instantaneous magnetic moment-moment interactions and mesonic corrections. A zigzag
line with crosses at the vertices represents a factor Hµµ ≡ −µiµjσi · σj Iµµ







I4,K0 [12Γ13 − 6Γ10 − 4Γ14 + 2Γ11] , (2.14)
where ∆Mq ≡M2K0−M2K±+∆Mem, ∆Mem =M2pi±−M2pi0 , and ∆du = [(md−mu)/(ms−mu)]α˜m is




i from the single-particle mass operator at the quark level
[32]. For α˜m ≈ 178 MeV and (md −mu)/(ms −mu) = 0.0231, we find ∆du ≈ 4.11 MeV.
The operators Γi that appear above are independent. However, contributions of their
matrix elements to intramultiplet mass splittings satisfy a number of relations with Γ10 =







(Γ4 − Γ5). Note also that Γ19 = Γ20 and





Mdi + bjΓ4 + cjΓ5 + djΓ13 , (2.15)




[I1,pi − 2(I2,pi − I2,K)] ,
b1 = IQQ + 7I1,pi − 8(2I2,pi + I2,K) ,
c1 = −3I1,pi , (2.16)
d1 = 24[−(I1,pi − I1,K) + (I2,pi − I2,K)] ,
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µ2a [−3Iµµ + 35I9,pi + 12I9,K ] , (2.17)
d2 = −2µaµbIµµ + 4
3
µa [(5µb − 14µa)I9,pi + (8µa + 9µb)I9,K + 6(µa + µb)I9,η] ,
and, finally, the coefficients of H3 are









ai + acm , b =
3∑
i=1
bi + bcm , c =
3∑
i=1
ci + ccm , d =
3∑
i=1
di + dcm . (2.19)
The coefficients acm, bcm, ccm, and dcm are defined by Eq. (2.5).
In the next section, we will first evaluate the integrals and then study how well the
dynamical theory developed in our earlier analyses of the baryon masses and magnetic
moments describes the coefficients in Hem.
III. THE INTEGRALS












where µN = e/(2mN) is the nucleon magneton. To evaluate these integrals and others
specified later, we need information on the internal structure of the baryons. The semirela-
tivistic theory of baryon structure has been considered by a number of authors and is quite
successful [20, 21, 22]. For simplicity, we will use the model considered in [5] in which the
baryon masses are calculated variationally for the semirelativistic Hamiltonian of Brambilla
et al. using Gaussian wave functions. The results agree with those of a similar calculation
by Carlson, Kogut, and Pandharipande [21] and are consistent with those of the much more
extensive calculations of Capstick and Isgur [22].
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We will use Jacobi coordinates to describe the positions of the quarks. Define
rij = xi − xj , Rij = mixi +mjxj
mij
,







where the xi are the particle coordinates, mij = mi + mj , M = mi + mj +mk, and Rijk
is the usual center-of-mass coordinate. The roles of i, j, and k are completely symmetric
at this stage. However, it is reasonable to neglect the very small difference between the
effective masses of the u and d quarks in the dynamical calculations. At least two of the
quarks in each baryon are then identical or have the same mass. We label these 1 and 2,
with the odd quark labelled 3 and then define the internal Jacobi coordinates ρ and λ as
ρ = r12 and λ = r12,3. Alternatively, we can use coordinates with the role of (1, 2) replaced
by (2, 3) or (3, 1) in the definition, and define ρ′ = r23, λ
′ = r23,1, or ρ
′′ = r31, λ
′′ = r31,2.
The coordinate pairs ρ′, λ′ and ρ′′, λ′′ can be expressed in terms of ρ and λ and conversely,
so one can work with whichever of the pairs is most convenient and switch between them as
necessary. The spatial volume element is simply d3Rd3ρ d3λ, and is equivalent for the other
pairs of internal coordinates.












d3ρ d3λ |ψ(ρ,λ)|2 δ3(ρ) . (3.3)























where αem = e
2/4pi. For βρ = 340 MeV obtained for the nucleon, IQQ = 2.80MeV and
Iµµ = 0.123MeV.
Next, we consider the integrals associated with the mesonic corrections.
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I1,l comes from the diagram in Fig. 2(a) and, as shown in [1], factors into the product of
a Coulomb integral and a mesonic integral I ′1,l.

















′2 +M2l and FA(k
′2) is the axial vector form factor of the baryon intro-
duced when we neglect the excited states and include the internal structure of the baryon
through the baryon wave function.





used in our earlier analyses of baryon masses [3, 4]. The mesonic integral I ′1,l is convergent
and easy to be numerically calculated. For ΛA = 850 MeV, we find that I
′
1,pi = 0.069,
I ′1,K = 0.028, and I
′
1,η = 0.025.















Note that a product of the form factors, FQ(k
2)FA(k
′2) is introduced at each vertex of





2)2 with ΛQ = 843 MeV to evaluate the integral numerically.
I3,l comes from the diagram in Fig. 2(c) whose intermediate matrix element, showing all
quarks, is like a baryon-meson scattering matrix element. We will introduce a product of
charge form factors FQ(k
2)FM(k






























where k′′ = k′ + k .
I4,l comes from the diagram in Fig. 3(a) differentiated with respect to M
2




















I5,l is the integral associated with the diagram in Fig. 4(a) and is identical to I1,l, i.e.,
I5,l = I1,l.
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I6,l comes from the diagram in Fig. 4(b). The extended structure at the vertex in Fig.
4(b) suggests that the same form factor as in Fig. 4(a) should be used. For the rest of
the diagram, a Coulomb interaction must be absorbed by the wave function (not the form













where ∣∣∣ψ˜(k,λ)∣∣∣2 = ∫ d3ρ e−ik·ρ |ψ(ρ,λ)|2 . (3.12)
Using the Gaussian wave functions, Eq. (3.4), we find∫
d3λ













I7,l and I8,l come from the diagrams in Figs. 4(c) and 4(d), respectively. The intermediate
state of the diagram in Fig. 4(d) has the baryon-meson scattering structure, thus it involves
FQ(k
2)FM(k
2). The diagram in Fig. 4(c) is related to the one in Fig. 4(d). Its intermediate
part involves the baryon-meson scattering structure contracted with a meson-meson-baryon









































At this point, it is important to note that the diagrams in Fig. 4 are related by electromag-
netic current conservation. The sum of these diagrams associated with mesonic corrections
to the photon-quark vertex must give a coefficient for the 1/k2 Coulomb singularity that
vanishes in the limit of zero photon momentum, k → 0. This condition is found to hold
for the diagrams without form factors [1]. It is straightforward to check that the condition
still hold for the diagrams with wave functions and form factors. Indeed, since the integrals
I6,l and I7,l appear with opposite-sign coefficients and for k→ 0 the integral over λ in their
expressions is just the normalization integral and hence approaches unity, the coefficient of
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TABLE II: Numerical values of Ii (i = 1, ..., 9), I1, and I2 for different meson loops. All the
integrals are measured in MeV. Calculations use αem = 1/137, f ≈ 93.0 MeV, λA = 850 MeV,
λQ = 843 MeV, λM = 1017 MeV, βρ = 340 MeV.
Integral pi-meson K-meson η-meson
I1 0.192 0.080 0.071
I2 0.201 0.103 0.094
I3 0.104 0.049 0.043
I4 0.187 0.043 0.036
I5 0.192 0.080 0.071
I6 0.223 0.154 0.146
I7 0.178 0.129 0.123
I8 0.102 0.048 0.042
I9 0.008 0.003 0.003
I1 0.014 0.045 0.043
I2 0.068 0.029 0.026
1/k2 vanishes when I6,l and I7,l are combined. Similarly, we can easily show the cancellation
between the I5,l and I8,l terms for k→ 0 if we write I5,l explicitly and notice that the form
factors in the first factor in I8,l also approach unity for k→ 0.
Finally, I9,l and I10,l come from Figs. 5(b) and 5(c), respectively. They are identical and
factor into the product of Iµµ and the mesonic integral I
′
1,l
I9,l = I10,l = Iµµ × I ′1,l . (3.17)
It is straightforward to evaluate I1,l,I2,l,I6,l, and I9,l numerically. To evaluate I3,l, I7,l,
and I8,l, we integrate first on dΩk′ with the polar axis chosen along k. The obtained results
are then integrated numerically.
We present in Table II the numerical values of Ii (i = 1, ..., 9), I1, and I2 for different
meson loops. All the integrals are measured in MeV. Calculations use αem = 1/137, f ≈ 93.0
MeV, λA = 850 MeV, λQ = 843 MeV, λM = 1017 MeV, and βρ = 340 MeV.
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TABLE III: Coefficients a, b, c, and d from H1, H2, H3, Hcm, Hem, Hbestem . All values are in MeV.
Hamiltonian a b c d
H1 −0.09 1.59 −0.04 1.31
H2 0.13 −0.15 −0.08 −0.42
H3 4.11 0.00 0.00 1.43
Hcm −0.74 0.75 −0.75 0.35
Hem 3.41 2.18 −0.87 2.67
Hbestem 1.88 3.52 −1.77 0.22
IV. THE COEFFICIENTS a, b, c, AND d
To evaluate the coefficients a, b, c, and d, we first need to estimate the coefficients acm,
bcm, ccm, and dcm given by Eq. (2.5). Using mu ≈ 340 MeV, (md −mu) ≈ 2.5 MeV, and a




A = m∆ −mN ≈ 300MeV , (4.1)
we get C ≈ 0.37 MeV. Thus, for ms ≈ 500 MeV, the color-magnetic contributions to the
four parameters a, b, c, and d (in MeV) are
acm = −0.74, bcm = 0.75, ccm = −0.75, dcm = 0.35 . (4.2)
Next, using ∆du = 4.11 MeV, ∆
M
em = 1260 MeV
2, ∆Mq = 5196 MeV
2, and the values of the
integrals given in Table II, it is straightforward to calculate numerically the coefficients a,
b, c, and d. Their calculated values (in MeV) are
a = 3.41, b = 2.18, c = −0.87, d = 2.67 . (4.3)
The calculated values of a, b, c, and d for Hem and the contributions to those values from
H1, H2, H3, and Hcm are shown in Table III. The best fit values of the parameters from
Hbestem are also given there.
We note that the color-magnetic coefficients acm, bcm, ccm, dcm, and ∆du can be evalu-
ated using the purely baryonic parameters, those can be defined using only baryon mass
differences. For example, using the values from the Franklin and Lichtenberg’s paper [12]:
(md − mu)/m = 0.0086 ± 0.0002, ms/m = 1.535 ± 0.002 where m = (mu + md)/2 = 330
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TABLE IV: Coefficients a, b, c, and d from H1, H2, H3, Hcm, Hem, Hbestem for case of using baryonic
results. All values are in MeV.
Hamiltonian a b c d
H1 −0.09 1.59 −0.04 1.31
H2 0.13 −0.15 −0.08 −0.42
H3 2.86 0.00 0.00 1.43
Hcm −0.95 0.92 −0.92 0.50
Hem 1.95 2.35 −1.04 2.82
Hbestem 1.88 3.52 −1.77 0.22
MeV, we find ∆du = 2.86 MeV. Also, for md −mu = 2.8± 0.1 MeV, αs = 0.65± 0.09, and
A ≡ |ψij(0)|2 = 0.86± 0.12 fm−3, we find that the color-magnetic coefficients (in MeV) are
acm = −0.95, bcm = 0.92, ccm = −0.92, dcm = 0.50 . (4.4)
Thus, if we use the baryonic results, the calculated values of a, b, c, and d (in MeV) are
a = 1.95, b = 2.35, c = −1.04, d = 2.82 . (4.5)
For this case, the calculated values of a, b, c, and d for Hem and the contributions to those
values from H1, H2, H3, and Hcm are shown in Table IV.
The results given in Table III and Table IV show that the calculated electromagnetic
corrections are of the right general size and that the sign pattern of the calculated coefficients
is correct. For the case of using the baryonic results, the total contributions from H1, H2,
H3, and Hcm to a, b, and c seem go to the right direction, but not their total contribution
to d. Our calculations also indicate that the results presented above are quite sensitive to
how the integrals are calculated. Since most of the integrals clearly have potentially large
short-distance contributions (the divergences in the absence of form factors are strong), the
presence of the short-distance effects is likely the source of the sensitivity and uncertainty
in the results.
To improve the situation, we note that if one supposes that the quark wave functions are
exponential at short distances rather than Gaussian, exp (−r/a) rather than exp (−β2ρr2/2),




2βρ) and the Coulomb integrals increase by
√
pi/2. That is, the Coulomb integrals
are underestimated using Gaussian wave functions which neglect short distance correlations.
The more complicated wave functions used by Carlson et al. [21] include correlations and
indeed give a some what larger energy as noted in [1]. The same remarks hold for the
magnetic integral. The short distance effects are even stronger there: the magnetic integrals
calculated using the exponential wave functions increase by a factor 2
√
2pi. Therefore, IQQ
and Iµµ can be treated as parameters by multiplying their expressions defined in Eq. (3.5)
with the scale factors. We find, however, that doing so does not substantially improve the
results.
V. CONCLUSION
Our results here consist of a numerical analysis of the electromagnetic contributions to
the baryon masses including the first mesonic corrections to the basic electromagnetic terms.
The analysis was done using the heavy-baryon effective field theory methods developed in
earlier work which connect naturally to the general parametrization of the electromagnetic
effects given by Morpurgo [23].
We find that the calculated electromagnetic corrections are of the right general size and
have the correct sign pattern. The corrections seem to account fairly well for the pattern
of coefficients a, b, and c in the electromagnetic mass-difference Hamiltonian if we use the
baryonic parameters to evaluate them. We also find that our results are quite sensitive to
how the integrals are calculated. The source of the sensitivity and uncertainty in the results
is believed to come from the short-distance effects existed in the integrals.
We conclude that the electromagnetic corrections cannot be calculated reliably at the
moment.
APPENDIX A: ONE- AND TWO-BODY OPERATORS
We present here sets of one- and two- body operators defined earlier in [1, 23]. In the case
of O(e2) contributions to the baryon masses, the Γ’s must be bilinear in the quark charge
matrix Q = diag (2/3,−1/3,−1/3) and can depend otherwise on the quark spin matrices σ




















where i, j, k ∈ u, d, s label the three quarks in a baryon, we can group the Γ’s into sets of












[Q2i (σi · σj)], Γ4 =
∑
[QiQj ], Γ5 =
∑
















































j (σi · σj)] . (A7)
Recall that Ms = diag (0, 0, 1) is the strange-quark projection operator [36].
APPENDIX B: COLOR-MAGNETIC CONTRIBUTIONS TO THE PARAME-
TERS a, b, c, AND d
To work out the color-magnetic contributions to the parameters a, b, c, and d, we first
calculate their contributions to the baryon masses. Keeping only the contributions that
affect the intramutiplet splittings, we get
Hpcm = 4C , Hncm = 2C ,
HΣ+cm = 0 , HΣ
−




HΛcm = 3C , HΣ
0
cm = C (2
mu
ms
− 1) , (B1)







for octet baryons, and
H∆++cm = 0 , H∆
+
cm = −2C , H∆
0
cm = −4C , H∆
−
cm = −6C ,
HΣ∗+cm = 0 , HΣ
∗0
cm = −C (
mu
ms










HΩ−cm = 0 ,
for decuplet baryons. Next, since there are only four independent parameters in Hem, we
consider a set of any four independent mass differences that produces four independent
equations related the color-magnetic contributions to the parameters a, b, c, and d. For
the independent mass differences n − p, Σ0 − Σ+, Σ− − Σ0, and Σ∗− − Σ∗0, we obtain the









































Solving this system of equation, we find
a = −2C , b = 3C mu
ms
, c = −3C mu
ms
, d = −3C (mu
ms
− 1) . (B4)
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